Abstract. We present optical and millimetric data for 47 intermediate Hubble type spiral galaxies located either in dense environments or in the field. We compare correlations between global parameters, such as far-infrared luminosity, blue luminosity, and total molecular gas content, with other samples of galaxies, including normal galaxies, clusters and ultraluminous infrared galaxies. We find that overall our sample is a well defined subset of these other samples of galaxies.
Introduction
A longstanding issue in galaxy evolution is whether galaxies evolve according to a given set of initial conditions or whether the environment in which they reside is decisive for their evolution; i.e. whether galaxy evolution depends on nature or nurture. In order to search for environmental effects in galaxies properties we have obtained optical and millimetric data for galaxies in dense regions of the Southern sky and in the field. In de Mello et al. (2001, hereafter Paper II) we present an extensive analysis of the data. The main results we found are: intermediate type spirals in dense environments have on average less molecular gas per blue luminosity, lower current SFR, the same SFE and higher atomic gas fraction when compared with field galaxies. Although none of the above results stand out as a single strong diagnostic, given their statistical significance (see Table 3 of Paper II), taken together they suggest a trend for diminished gas content and star formation activity in galaxies in high density environments. We also found that SFR per blue luminosity increases linearly as the total amount of gas increases in LINERs. This result, based on a small sample, suggests that LINERs are powered by star formation rather than an AGN. We refer to Paper II for a more detailed analysis of these results.
In this paper we present the optical and millimetric data and is organized as follows. Section 2 describes the sample, Section 3 describes the optical data, Section 4 describes the millimetric data, Section 5 describes general properties, and a comparison with other samples, Section 6 presents a summary and conclusions. A Database of optical and millimetric spectra together with digitized images are shown in Appendix A (available at http://www.oso.chalmers.se/∼duilia/env.html).
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⋆ Based on observations at the European Southern Observatory at the 15m Swedish ESO Submillimetre telescope, SEST, and at the the 1.52m telescope which is operated under the ESO-ON agreement.
Sample Selection

Previous samples
Surveys of the molecular gas content in galaxies have in general been done on samples which are far-infrared selected, or galaxies selected exclusively for belonging to clusters or groups (often with a far-infrared selection criteria on top; e.g. Casoli et al. 1991 , Combes et al. 1994 , Leon et al. 1998 . A few exceptions exist in the literature. For example, Sage (1993) presents the CO content of a distance limited sample of 65 non-strongly interacting spiral galaxies, and Horellou et al. (1995) present a CO and HI survey of spiral and lenticular galaxies in the Fornax cluster, both based on samples selected without a far-infrared criterion.
However, until now no survey of galaxies in different environments has included a rigorously selected control sample. For instance, the sample by Casoli et al. (1998) which contains a large sample of 582 objects is an important source of information concerning molecular gas in spiral galaxies. However, it was built by gathering data from various surveys and is very heterogeneous in terms of morphology and environment. It contains galaxies from several clusters as well as galaxies in the field.
Dense Environment and Control Sample (HDS and CS)
In view of these biases plagueing existing samples we have selected our sample from the catalog by Maia et al. (1994) which contains objects in low and high density areas of the Southern sky. The selection of groups adopted by Maia et al. is similar to the methodology developed by Huchra & Geller (1982) with the adaptations described by Maia et al. (1989) . The catalog was drawn from the ESO/Uppsala Survey of the ESO(B) Atlas (Lauberts 1982 ) and used velocity information from the Southern Sky Redshift Survey (e.g., da Costa et al. 1989 ). The groups are defined to be formed by the accumulation of galaxy pairs with a member in common.
-The high density sample (HDS, hereafter) is formed by galaxies that are in groups of three or more members. They have a density contrast δρ/ρ ≥ 500. This is equivalent to densities larger than 18 galaxies/Mpc 3 . All the selected objects have radial velocities (after correction for Virgo infall) smaller than 8000 kms −1 . -The control sample (CS, hereafter) is made up of galaxies which are not members of any group and which are situated in regions with density contrast δρ/ρ ≤ 0.01, i.e. less than 0.0004 galaxies/Mpc 3 .
HDS versus Compact Groups and Poor Groups
Although a group finding algorithm was used to generate the samples, the idea is not to identify groups (either loose or compact), but galaxies in high and low local density environments. The main difference between the HDS and compact groups of galaxies is the isolation criterion which is imposed by the groups selection (Hickson 1982 , Coziol et al. 2000 . The only 2 compact groups (HCG 21 and HCG 90) in the region searched by Maia et al. (1994) 
• , δ<-17
• .5) have 3 galaxies of each group taking part of the HDS, but none of them take part in the present subsample analysis.
The HDS should also not be confused with poor groups which are defined as systems with less than five bright galaxies but which can have 20-50 faint members (e.g, Zabludoff & Mulchaey 1998 , Willmer et al. 1999 . Some galaxies in these poor groups are certainly part of the HDS, but since our selection includes only members with known redshift, the HDS will have only the brighter members which have measured redshift. The HDS and CS contain in total 151 and 179 galaxies, respectively. Maia et al. (1994) have analysed the morphology distribution of the HDS and CS and concluded that the HDS has an excess of early-type galaxies compared to the CS. This is interpreted as an effect of the morphology-density relationship (Dressler 1980) ; i.e. a correlation between morphological types and local density showing that the fraction of early-type galaxies increases as a function of local galaxy density while the fraction of later types decreases (see also Sanroma & Salvador-Solé 1990 , Whitmore & Gilmore 1991 . Since there are galaxies of all morphologies in the HDS and in the CS, the main goal of our work is to evaluate the effects of the environment in galaxies of the same morphological type when compared with isolated galaxies. The ideal survey would include all galaxies in the HDS and CS, however, due to large size of the samples we have imposed such a selection which is fundamental in order to avoid any bias due to the well known correlation between morphology and physical properties of galaxies. Figures 2-4 of Roberts & Haynes (1994) summarize clearly how morphology is correlated to fundamental properties of galaxies such as, blue luminosity, far infrared lumninosity, total mass, and neutral hydrogen mass. One of their conclusions is that, although the scatter is large, Sa-Sc have near constant molecular gas normalized either by the blue luminosity or by the total mass. They also pointed out that later type spirals have less molecular gas and suggest that this could also be due to the CO to H 2 conversion factor which would depend on morphology. Therefore, in order to have an homogeneous sample, we selected mostly intermediate spiral galaxies; i.e. Sb, Sbc, and Sc, avoiding Sa and Sd galaxies. In this work we present the analysis of the optical and millimetric data of a subsample of 47 spiral galaxies, 22 in the HDS and 25 in the CS, with velocities smaller than 5500 kms −1 . Table 1 lists information taken from the NASA/IPAC Extragalactic Database (NED) on each galaxy as follows. Column (1): designation in the ESO-Uppsala catalog (LV89); column (2): designation in other catalogs; column (3): right ascension ( h m s ) and declination ( • ′ ′′ ) for J2000; column (4): type of sample (control sample=CS and high density sample=HDS) and morphological type (Lauberts & Valentijn 1989 , hereafter LV89) 1=Sa, 2=Sa-b, 3=Sb, 4=Sb-c, 5=S..., 6=Sc, Sc-d, 7=S../Irr, 8=Sd; column (5): morphological type from The Third Reference Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 1991) ; column (6): number of galaxies in the same group (Maia et al. 1989) ; column (7): mean pairwise separation in Mpc (Maia et al. 1989) ; column (8): B T magnitude from RC3; column (9): IRAS 60 µm flux in Jy (Moshir et al. 1990) , and column (10): IRAS 100 µm flux in Jy (Moshir et al. 1990 ).
Our Subsample: Morphology selection
The Optical Data
Long slit spectra were obtained with the Boller & Chivens Cassegrain spectrograph at the ESO 1.52m telescope (La Silla) during several runs in 1997 and 1998 as part of a key project during Brazilian time. We used the Loral/Lesser CCD (No. 39) with 2048 × 2048 pixels (1 pixel = 15 µm) and grating No. 27 which has 600 lines mm −1 and gives a spectral coverage of 3600-7500Å and dispersion of 1.7 A pix −1 . The slit width was 3 ′′ and positioned along the major axis of the galaxies which corresponds to galactic sizes of 250 pc for the closest galaxy in the sample and to 1 kpc for the most distant galaxy in the sample.
Spectrophotometric standard stars were observed close to zenith several times during the night with a slit width of 5 ′′ . A He-Ar lamp was observed after every exposure and used for wavelength calibration. Typical exposure times were 2 × 20-30 minutes for galaxies and 5-10 minutes for stars.
Standard data reduction, including bias and flat-field correction, was performed using IRAF. One dimensional The same as in the left panel. Ultraluminous infrared galaxies (Sanders et al. 1991) are marked by open diamonds, normal spiral galaxies from Young et al. (1989) and Braine et al. (1993) are marked by dots, cluster galaxies (Coma and Fornax) from Casoli et al. (1991) and Horellou et al. (1995) are marked by open stars. Luminosity is in L ⊙ and mass is in M ⊙ . spectra were extracted of each galaxy integrated along the slit length. We corrected for Galactic extinction using Cardelli et al. (1989) extinction curve and E(B-V) from NED. All spectra are flux calibrated and corrected for Doppler shift which was calculated using a crosscorrelation technique.
Starlight subtraction was particularly critical in weak lines such as Hβ. The starlight contribution was removed using the technique of McCall, Rybski & Shields (1985 , see also Storchi-Bergmann, Calzetti & Kinney 1994 . Taking into account that in the typical stellar population the equivalent width of Hβ in absorption is of the order of 1.5Å, we corrected for this effect by adding a factor of 1.5 times the continuum flux around Hβ to the emission line flux. When no emission line was clearly visible we adopted a theoretical ratio, Hα/Hβ=2.86 (Ho et al. 1997) . In this case, the value of Hβ is an upper limit. Therefore, higher ratios of Hα/Hβ can also be expected. We have investigated whether a higher ratio would influence our results by adopting ratios typical of AGNs (Hα/Hβ=3.1). We found no significant difference given the uncertainties in the continuum determination.
We tested a second method of starlight subtraction using templates of old stellar populations from Bica (1988) . We subtracted our spectra from the templates and then measured the fluxes. Both methods gave similar results given the accuracy of the measurements, dominated by the uncertainty in the continuum determination (Cid Fernandes et al. 1998 ).
We measured the integrated fluxes and equivalent widths of the emission lines Hβ, [OIII]λ5007, [NII]λ6548, Hα, [NII]λ6583, [SII]λ6716,6731 for 35 galaxies with good signal-to-noise spectra. Internal reddening was estimated from Cardelli et al. (1989) extinction curve and Hα/Hβ ratios. Hα equivalent width was measured after internal reddening correction, following the same procedure as in Ho et al. (1997) .
The type of activity was classified by measuring line-intensity ratios (log([OIII] λ 5007/Hβ) and log([NII] λ 6583/Hα)) and applying standard diagnostic diagrams (Baldwin et al. 1981 , Veilleux & Osterbrock 1987 . In Paper II we show the diagnostic diagram used to classify the type of activity. Table 2 lists the emission line parameters as follows. Column (1): designation in the ESO-Uppsala catalog (LV89); column (2): type of sample (control sample=CS and high density sample=HDS) and morphological type (LV89) 1=Sa, 2=Sa-b, 3=Sb, 4=Sb-c, 5=S..., In Appendix A (available at the following webpage http://www.oso.chalmers.se/∼duilia/env.html) we show the optical spectra of 35 galaxies of our sample. We also included in the Appendix the CO spectra described below and images from The Digitized Sky Surveys 1 which allows direct inspection of the galaxies morphology.
The CO Data
Millimetric observations were carried out at the Swedish-ESO (SEST) 15m radiotelescope at La Silla in October 1996 and September 1998 during good weather conditions. In the first run we used the SESIS 100 receiver with a 1 GHz bandwidth at 115 GHz ( 12 CO (1 -0) ). Typical system temperatures were ∼ 250 K (in the T * A scale) at the elevation of the sources and typical zenith opacities between 0.1-0.2. During the second run we used the IRAM 115 and IRAM 230 receivers with 500 MHz and 1 GHz bandwith, at 115 GHz ( 12 CO (1 -0)) and 230 GHz ( 12 CO (2 -1)), respectively. The half power beamwidth of the SEST at 115 GHz is 45 ′′ and 23 ′′ at 230 GHz. All galaxies were observed at the central optical coordinate. Integration times were 2-3 hours depending on the signal-to-noise achieved. The pointing was regularly checked on nearby SiO masers. The pointing uncertainties were of the order of 5 ′′ . CO emission was detected in 47 galaxies and had low signal-to-noise detection in only 5 galaxies, eso-lv1080110 (HDS), eso-lv1880170 (CS), esolv2850050 (HDS), eso-lv3550300 (CS), and eso-lv6050070 (CS). We have not included these galaxies in our analysis.
Two galaxies, eso-lv3470340 and eso-lv4060250, were considerably larger than the SEST beam and were observed in 5 and 7 positions, respectively, spaced by half of a beamwidth (23 ′′ ). In Appendix A (available at http://www.oso.chalmers.se/∼duilia/env.html) we show each position along the major axis of the galaxy and give their spectra. We have added the intensities at each position in order to obtain the total CO intensity of each galaxy.
The CO spectra were reduced with the CLASS package (Forveille et al. 1990 ). We have binned the spectra with a boxcar function. Spectra were corrected for first order baseline in most of the cases or third order in a few obvious cases where first order did not give a good fit to the data. CO intensities were calculated by using the main-beam efficiency, η mb , values of 0.7 and 0.5 for 115 GHz and 230 GHz, respectively. We estimated the 1 σ uncertainty in the integrated line intensity taking into account the channelto-channel noise (rms), the width of the emission profile (∆V) and the number of channels (N) that the emission profile covers (error = rms×∆V×N −1/2 ). 3=Sb, 4=Sb-c, 5=S..., 6=Sc, Sc-d, 7=S../Irr, 8=Sd; column (3): velocity derived from central CO (1 -0) profiles in kms −1 ; column (4): the width of the emission profile in kms −1 ; column (5): blue luminosity in L ⊙ derived from B T magnitude (errors in L B are within 10% when the magnitude estimates in the RC3 have errors of 0.1mag); column (6): Far-Infrared luminosity in L ⊙ calculated as described in the next Section; column (7): CO intensity in the line J=(1 -0) in K kms −1 and errors; column (8): H 2 masses and errors in M ⊙ estimated from the velocity integrated CO (1 -0) emission as described in the next Section, and column (9): CO intensity in the line J=(2 -1) in K kms −1 . Distances were corrected for the Virgocentric flow according to model 3.1 in Aaronson et al. (1982) . Hubble constant value of 75 kms −1 Mpc −1 was adopted in all calculations. Table 4 lists the CO intensity in the line J=(1 -0) available in the literature for 7 galaxies (4 in the HDS and 3 in the CS). The differences between the fluxes we have measured and the ones obtained previously are due to (i) different sizes of the beam (Elfhag et al. 1996) , (ii) baseline adjustments (Combes et al. 1994 , Andreani et al. 1995 , or short integration time (Horellou & Booth 1997) .
General Properties
The FIR emission together with the molecular gas provide unique information in terms of fuel and star formation. The FIR luminosity was calculated using the relation (Lonsdale & Helou 1985) L FIR = 5.9×10 5 D 2 (2.58×F 60 +F 100 ) where F 60 and F 100 are fluxes in Jy at 60 and 100 µm detected by IRAS and D is the distance in Mpc corrected for the Virgo infall.
H 2 masses were estimated from the velocity integrated CO (1 -0) emission, using a N H2 /I CO conversion ratio of 3×10 20 cm −2 (K kms −1 ). We are assuming that the conversion factor is the same in all galaxies in our sample. This assumption is reasonable since our sample do not contain any later-type systems (Sd, Sm, Ir) which, despite the ongoing star formation, show weak CO emission (e.g. Rubio et al. 1991) . The same as in the left panel. Additional samples of ultraluminous infrared galaxies, galaxies in clusters, and spiral galaxies are included. Symbols are the same as in Fig. 1 . Luminosity is in L ⊙ and mass is in M ⊙ . Fig. 3 . Left panel (a): total molecular gas normalized by the blue luminosity as a function of blue luminosity. Right panel (b): The same as in the left panel. Additional samples of ultraluminous infrared galaxies, galaxies in clusters, and spiral galaxies are included. Symbols are the same as in Fig. 1 . Luminosity is in L ⊙ and mass is in M ⊙ .
Average and median values of L B , L FIR , M H2 , and Hα equivalent width are presented in Table 5 . Fig. 1a and Fig. 2a show the total amount of molecular gas as a function of FIR and blue luminosities. Fig. 1a confirms the known correlation between L FIR and the H 2 masses (correlation coefficient= 0.80 and 0.84 for the HDS and CS, respectively). From Fig. 2a we verify that galaxies in the CS are on average more luminous than those in the HDS (a distance bias in our subsample). In order to eliminate this effect, CO intensities were normalized by the blue luminosity, L B , in the analysis presented in Paper II. Given our morphological selection criteria, we assumed that the mass/L B ratio is approximately the same for our galaxies (Roberts & Haynes 1994 ) and L B is thus a measure of the total mass.
We have plotted the M H2 /L B as a function of L B (Fig. 3a) in order to compare whether the bias in blue luminosity present in our subsample may cause a bias in our analysis. The correlation found for HDS and CS is very similar (correlation coefficient= -0.03 and 0.06 for the HDS and CS, respectively) suggesting no evident bias. We have compared our sample properties with samples observed by others, such as normal spiral galaxies (Young et al. 1989 , Braine et al. 1993 ), the ultraluminous FIR galaxies (Sanders et al. 1991) , and galaxies in the Coma and Fornax clusters (Casoli et al. 1991 and Horellou et al. 1995) . As it is shown in Fig. 1b, Fig. 2b , and Fig. 3b the 47 spiral galaxies of our sample (HDS and CS) have correlations between global parameters which are similar to those in other samples. The ultraluminous FIR galaxies (Sanders & Mirabel 1996) , as expected, are overall brighter and more massive than our subsample. The other samples include spirals of all types which explains the large dispersion found in luminosities and masses.
As previously mentioned, only intermediate Hubble types (Sb, Sbc, and Sc) were selected in order to avoid any bias due to the correlation between general properties and morphology. However, even in this sample the uncertainties in morphological classification should be taken into account when making any firm statement. Galaxies in dense environments can have their morphology distorted by tidal effects which makes them difficult to classify. One should refer to Appendix A (available at http://www.oso.chalmers.se/∼duilia/env.html) in order to visually check the morphology of each individual galaxy in more detail. We also refer to the detailed morphological classification taken from RC3 presented on Table 1 which gives a general idea on the complexity of the morphologies.
In Table 3 we give both the CO(1 -0) and CO(2 -1) integrated line intensitites. In order to estimate the CO(2 -1)/CO(1 -0) intensity ratios we need to convolve the CO(2 -1) data to the same angular resolution as the CO(1 -0) data. Since we observed only a single position for most galaxies, we can not do this. However, taking the values in Table 3 at face value, the average CO(1 -0) to CO(2 -1) line intensity ratio is 0.93±0.47. This is an upper limit to the line ratio. In the case of a molecular gas distribution more extended than both the CO(1 -0) and CO(2 -1) telescope beams (45 ′′ and 23 ′′ , respectively), the correction for different angular resolutions would be 1.0. In the other extreme, with the CO emission originating in a point source, the correction for different angular resolutions would be 0.25. Since our telescope beam in almost all cases is large with respect to the optical extent of the galaxies, and since the molecular gas is likely to be centrally concentrated, the correction for different angular resolutions should be ∼0.5. Our average line ratio is thus ∼ 0.5 ± 0.4. This value is lower than that found by Braine et al. (1993) of 0.89±0.34 for normal spiral galaxies. The lower value is characteristic of optically thick and subthermally excited molecular gas and most likely reflects the lower star formation activity in our environmentally selected sample as opposed to far infrared bright selected samples.
In Fig. 4 we verify that the HDS and CS are also very similar to the galaxies in other samples in terms of SFE. We conclude that the intermediate type spirals in the HDS and CS do not belong to a separate class of object but contain objects with properties similar to galaxies in clusters, nearby spiral galaxies and infrared luminous galaxies.
Summary
In this paper we present millimetric and optical data obtained in order to study environmental effects in galaxies. Our sample has 47 intermediate Hubble type spirals in either dense environments or in the field. We compared general properties, such as far-infrared luminosity, blue luminosity, and total molecular gas content, to other samples of galaxies, such as ultraluminous infrared galaxies, clusters of galaxies and spiral galaxies. We find that overall our sample has general properties very similar to these other galaxies; i.e. they are not a separate class of objects. 249, 359 Casoli, F., Sauty, S., Gerin, M., Boselli, A., Fouque, P., Braine, J., Gavazzi, G., Lequeux, J., & Dickey, J. 1998 , A&A 331, 451 Cid Fernandes, R.Jr., Storchi-Bergmann, T., & Schmitt, H.R. 1998 , MNRAS 297, 579 Combes, F., Prugniel, P., Rampazzo, R., & Sulentic, J.W. 1994 , A&A 281, 725 Coziol, R., Iovino, A., & de Carvalho, R.R. 2000 da Costa, L.N., Pellegrini, P.S., Willmer, C., de Carvalho, R., 1=Sa, 3=Sb, 5=S..., 6=Sc, 7=S../Irr, 8=Sd. Column(6) : Ng is the number of companions from Maia et al. 1989 . Column(7): rp is the mean pairwise separation from Maia et al. 1989 . 
